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Zpusob vyroby nanovlaken z polymerniho roztoku elektrostatickym 
zvlaknovanim a zarizeni k provadeni zpusobu 



Oblast technikv 

Vynalez se t^ka zpusobu vyroby nanovlaken z polymerniho roztoku 
elektrostatickym zvlaknovanim v elektrickem poll vytvoren6m rozdilem potencialCi 
mezi nabitou elektrodou a protielektrodou. 

Dale se vynalezu tyka zarlzenf k provadeni tohoto zpCisobu obsahujfclho 
nabitou elektrodu a protielektrodu s rozdiln^m potenctelem mezi nimiz se vytvaff 
elektrick6 pole. 

Dosavadni stay technikv 

Polymerni vlakna s prumery v rozmezl 10 az 1000 nanometru predstavujf 
novtf typ materialCi s extremnimi hodnotami nekterych vlastnosti. Typickymi 
oblastmi pouzitf vrstev polymernich vlaken jsou filtrace plynu a kapalin, barierove 
materialy pro zachycem submikronovych castic, bakterii a chemik&Iii, kde se 
dosahuje velmi vysokych filtracmch ucinku. Nanovlakna se pouzivaji jako 
bateriove separ&tory, vyztuze kompozitu a jako nosice leciv a tk£nov£ch 
implantatu v lekafstvi. Velk^ merny povrch vrstvy nanovlaken, ktery je snadno 
pristupny pro plynna a kapalna media dava predpoklady pro jejich zvlastnl sorpcnf 
vlastnosti i pro jejich vyuziti jako nosicii ruzn^ch aktivnlch l£tek, napnklad 
katalyzatoru. Extremne male pory ve vrstvach z nanovlaken jsou predpokladem 
extr6mnich tepelne izolacnich vlastnosti. 

Nanovlakna se pfipravujf ze sirok6 sk£Iy polymerCi, polymernich smesf a ze 
smesi polymeru s nfzkomolekularnfmi aditivy procesy formovanf polymernich 
roztoku. Na rozdfl od principialne podobn>/ch procesu formovanf polymernich 
tavenin se pri zpracpvanf roztokCi dosahuje mensfch prumSru vlaken dfky nizsfm 
viskozitam roztoku. K formovanf roztokCi se vyuzfva mechanickych sil proudfcfho 
plynneho m6dia nebo coulombovsk^ch sil v elektrostatickem poli. Elektrostaticke 
zvteknovanf pfitom vede k vtekntim s mensfmi prCim6ry, protoze jednotliva tvoffcf 
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se vlakna jsou vlivem distribuce shodn^ch nabojti vjejich objemu stepena na 
nekolik fibril. 

Dosud zn&me zpdsoby a zarizenf k pffprave nanovldken formov£nfm 
polymernich roztokd proudem vzduchu jsou popsany napnklad v US 6 382 526 a 
US 6 520 425. PolymernI roztoky jsou davkov£ny do zvlaknovacf trysky 
s prufezem ve tvaru mezikruzf. Roztoky jsou pak formov£ny mechanick^m 
Ocinkem proudu vzduchu pfivaden6ho dovnitf mezikruzf, prfpadne i dalslm 
prstencov^m profilem vne tohoto mezikruzi na vlakna o prumerech 200 az 3000 
nanometru. 

Formovanf polymernich roztokd ucinkem elektrostatickeho pole o prumerne 
intenzite 50.000 az 500.000 V/m je popsano v patentov^ch pfihiaskach WO 
0127365, WO 0250346, US 2002/0175449 A1 a US 2002/084178 A1. Podle 
techto resenf je roztok polymeru pfivad£n do valcovych zvlaknovacfch trysek 
svnitfmm prumerem 0,5 az 1,5 mm. Tyto trysky jsou pripojeny na zdroj 
stejnosmerneho elektrickeho napetf. Vytekajfcf roztok je elektrostatickou silou 
pfitahovan k protielektrode, kter& je obvykle uzemnena a soucasne je touto silou 
formovan do jemn^ch fibril, ktere jsou nSsledne stepeny do svazku fibril 
odpovfdajfcfho mensfho prumeru. Zvlaknovanf se provadf z jedne trysky nebo ze 
skupiny statick^ch nebo pohybujfcfch se trysek s diem zvysenf v>/konu zarizenf, 
rovnomerneho pokrytf protielektrody nebo podkladoveho plosneho materialu 
pohybujfcfho se po povrchu protielektrody nebo v blfzkosti jejfho povrchu. 

Nev^hodou vsech v>/se uvedenych zpiisobu a zarizenf k prfprav§ 
nanovl£ken je velmi male mnozstvf zpracovaneho polymemfho materialu v case. 
V pffpade formovani nanovlaken mechanickymi silami zavisf prumer vytvofentfch 
nanovteken mimo jin6 na pomeru hmot vzduchu a roztoku polymeru protekajfcfch 
zvlaknovacf tryskou. Pri formovanf coulombovskou silou v elektrostatickem poli se 
musf u Osti zvlaknovacf trysky vytvofit tak zvan# TaylorCiv kuzel, jehoz existence 
je podmfnkou vzniku vlaken a je podmfnena pomernS tizkyrn rozmezfm pomeru 
rychlosti vytoku roztoku polymeru ze zvlaknovacf trysky k intenzite elektrickeho 
pole. Maximum nastaviteln£ intenzita elektrickeho pole je omezena elektrickou 
pevnostf vzduchu a nad touto hranicf dochazf kvybojum mezi elektrodami. 
Vdiisledku vyse uvedenych okolnostf a dosaziteln^ch koncentracf zvlaknovacfch 
roztoku polymeoi Ize zpracovat asi 0,1 az 1 gram polymeru za hodinu na jedn§ 
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zvlaknovacf trysce, coz z pohledu prumyslov6ho vyuzitf cinf vtfrobu nanovlaken 
velmi problematickou. 

Cflem vyn&lezu je vytvofit zpdsob a zaffzenf, kter§ by bylo prtimyslove 
vyuzitelne a dosahovalo vysokeho zvlaknovacfho vtfkonu. 

Podstata vynalezu 

Cile vynalezu je dosazeno zpusobem vyroby nanovlaken podle vynalezu, 
jehoz podstata spoch/6 v torn, ze polymerm roztok se do elektrick§ho pole pro 
zvl£knovanf pfiv^df povrchem otacejfcf se nabite elektrody, pricemz se na casti 
obvodu nabite elektrody, ktera je pfivr&cena k protielektrode, vytvoff zvlaknovacf 
plocha. Roztok polymeru je za pnzniv>/ch okolnostf schopen vytvafet 
v elektrickem poli Taylorovy kuzely nejen pfi vytoku ze zvlaknovacf trysky, ale i na 
povrchu sve hladiny, zvlaste vyhodne pak v tenk6 vrstve na povrchu rotujfcfho 
telesa zc£sti se vnofujfcfho do nadoby s tfmto roztokem. Zmfnenymi pffznivymi 
okolnostmi jsou pfitom vhodna viskozita roztoku dana molekulovou hmotnostf 
polymeru, jeho koncentracf a teplotou, vhodne povrchov6 napetf dane typem 
polymeru a prftomnostf povrchove aktivnf latky a vhodna hodnota elektricke 
vodivosti roztoku, dosazitelnd prftomnostf nfzkomolekularnfho elektrolytu. Velikost 
zvlaknovacf plochy je pfitom umerna rozmerum a tvaru nabite elektrody a 
protielektrody. Mnozstvf vznikajfcfch nanovlaken je tedy Omern§ velikosti a tvaru 
zvlaknovacf plochy. 

Podle naroku 2 je vyhodne, kdyz nanovl£kna vytvafen£ zpolymernfho 
roztoku na zvlaknovacf plose nabite elektrody pusobenfm elektrickeho pole se 
elektrickym polem unasejf k protielektrode a pfed nf se ukladajf na prostfedek pro 
uktedanf nanovlaken a vytv£fejf na nem vrstvu. Tfmto zpusoben Ize vytvafet 
vrstvy nanovlaken svysokou kvalitou a rovnomernostf vrstvy o vpodstate 
libovoln^ch sffk&ch odpovfdajfcfch sffce zaffzenf. 

Dalsfho zdokonalenf se dos£hne podle naroku 3. Pusobenf proudu 
vzduchu podporuje spolu s elektrickem polem un£senf vlaken od nabite elektrody. 
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Pfitom je vtfhodne, unasejf-li se nanovlakna smerem k protielektrode a 
ukladajf se na prostfedku pro ukladani nanovlaken propustn6m pro vzduch pred 
protielektrodou a vytvafejf na nem vrstvu. 

Proud vzduchu smefujfcf k protielektrode se vytvaff odsavanfm vzduchu 
podle naroku 5. Jednoduchtfm zpusobem se tak podporuje un£§enf vlaken 
k protielektrode a zvysuje se tak prod ukti vita. 

Podle naroku 6 se nanovlakna vprostoru mezi nabitou elektrodou a 
protielektrodou vychylujf ze smeru k protielektrode proudem vzduchu, a tfmto 
proudem vzduchu se pfiv£dejf k prostfedku pro ukladani nanovlaken 
propustnemu pro vzduch, ktery je situovan mimo elektrick6 pole ptisobfcf 
zvteknovanf polymernfho roztoku. 

Proud vzduchu pro vychylovanf nanovlaken ze smeru od nabite elektrody 
k protielektrode se podle naroku 7 s vyhodou vytvaff odsavanfm vzduchu 
z prostoru mezi elektrodami do prostoru za prostfedkem pro ukl£d&nf nanovlaken 
propustnym pro vzduch. 

Pro zvysenf produktivity zaffzenf je v^hodne, kdyz se podle naroku 8 do 
prostoru, jfmz se unasejf nanovlakna, pfivadf pomocn>/ susicf vzduch, jfmz se 
urychluje odpafov&nf rozpoustedla polymeru z nanovlaken vytvofenych 
elektrostatickym zvteknovanfm a pohybujfcfch se prostorem mezi elektrodami. 

Pfitom je pro zvysenl susicfho ucinku, tj. urychlenf odpafovanf rozpoustedla 
polymeru vyhodne, kdyz se alespon cast pomocneho susicfho vzduchu odvadf 
z prostoru pfed nosn^m prostfedkem propustnym pro vzduch aniz tfmto nosnym 
prostfedkem pronika. 

Take zpusob podle naroku 10 slouzf ke zvysenl produktivity zaffzenf, nebof 
ohffvanf pfivadeneho pomocneho susicfho vzduchu poskytuje moznost odvedenf 
vetsfho mnozstvf par rozpoustedla vznikajfcfch pfi susenf nanovlaken. 

Zaffzenf podle n&roku 11 popisuje z£kladnf znaky zaffzenf kprov£denf 
vtfse uveden^ch zpOsobCi a jeho podstata spocfva v torn, ze nabita elektroda je 
ulozena otocne a castf sv6ho obvodu zasahuje do polymernfho roztoku, pficemz 
proti volne c£sti obvodu nabite elektrody je umfstena protielektroda. Takto 
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uspofadane zaffzenf je schopne dodavat dostatecne mnoistvf polymernfho 
roztoku do elektrickeho pole. 

V provedenf podle n£roku 12 obklopuje protielektroda cast volne casti 
obvodu nabite elektrody po cel6 jejf delce, cfmz se vytvoff v celem tomto prostoru 
mezi elektrodami elektricke pole o stejne intenzite. 

Mezi obema elektrodami je situovan prostfedek pro ukladanf nanovlaken, 
na jehoz povrchu se nanovl£kna ukladajf do vrstvy. 

Vyhodne je uspofadanf zaffzenf podle naroku 14 a 15, u nehoz je 
prostfedek pro ukladanf nanovlaken propustny pro vzduch a je vytvofen proud 
10 vzduchu prochazejfcf tfmto prostfedkem. 

U alternativnfho provedenl podle naroku 16 je mimo prostor mezi 
elektrodami umfsten prostredek pro ukladanf nanovlaken propustny pro vzduch a 
za nlm je vytvafen podtlak vytvafejfcf proud vzduchu unasejfcf nanovlakna 
z prostoru mezi elektrodami k prostfedku pro ukladanf nanovlaken, jfmz alespon 
15 cast vzduchu prochazf U pfedchazejfcfch provedenf zaffzenf je vyhodne vytvofit 
prostfedek pro ukladanf nanovlaken podle nektereho z naroku 17 az 21. 

Pro zvysenf odpafovanf rozpoustedla z nanovlaken je do zaffzenf pfivaden 
pomocny su§icf vzduch podle nektereho z naroku 22 az 24. 

Vyhodna provedenl nabite elektrody jsou popsana v narocfch 25 az 27 a 
20 mojf za cfl dosazenf co nejlepsfch zvlakfiovacfch ucinku zaffzenf, v nemz budou 
pouzita. 

Pro vsechna provedenf zaffzenf je vyhodne uzitf vodneho polymemfho roztoku, 
nebof se zjednodusuje celkov£ konstrukce zaffzenf a odpadajf naroky na odvod 
zdravf skodlivych nebo nebezpecnych plynu z rozpoustedla polymeru. 

25 

Pfehled obrazku na vvkrese 

Pffklady provedenf zaffzenf podle vynalezu jsou schematicky znazorneny 
na pfilozenych vtfkresech, kde znacf obr. 1 fez zaffzenfm s protielektrodou 
obklopujfcf cast obvodu nabite elektrody, obr. 2 fez provedenfm zaffzenf 
30 s prostfedkem pro ukladanf nanovlaken mimo prostor mezi elektrodami, obr. 3 fez 
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zaffzenfm, u nehoz je prostfedek pro uklad£nf nanovlaken tvofen plosnym 
nosnyrn materialem ulozenym mezi elektrodami ve vedenf tvofenem napfnacfmi 
cleny, obr. 4 provedenf obdobne jako obr. 1 s pevnou elektrodou tvofenou 
podeln^mi tycemi a vedenfm plosneho nosn§ho materialu nanovlaken 
uspof£dan#m mezi temito tycemi, obr. 5 a az e pohled na rtizn£ provedenf 
povrchu v£lce tvoffcfho nabitou elektrodu zepfedu a zboku. 

Pnkiadv provedenf vvnalezu 

Zaffzenf kvtfrobe nanovlaken z polymernfho roztoku elektrostatick^m 
zvl£knovanfm velektrick6m poli vytvorenem rozdflem potenctelu mezi nabitou 
elektrodou a protielektrodou obsahuje zasobnfk I alespofi z casti naplneny 
polymernfm roztokem 2, v nemz je castf sveho obvodu ponofen otocne ulozeny 
valec 3, ktery je znamym neznazornenym zpusobem pfipojen ke zdroji 
stejnosmerneho napetf a tvon nabitou elektrodu 30. Proti volne c&sti obvodu 
nabite elektrody 30 je situov&na protielektroda 40 s rozdfln^m potencialem, ktera 
je obvykle spojena se zemf (uzemnena), jak je znazorneno na obr. 1, nebo je 
znamym neznazornenym zpusobem pfipojena ke zdroji stejnosmerneho nap§tf o 
rozdfln6 polarite. 

Ve zn£zornenych provedenfch je valec 3 ponofen v polymernfm roztoku 2 
dolnf castf sveho obvodu. Toto uspof£danf vsak Ize zmenit podle 
neznazorneneho pffkladu provedenf, u nehoz je polymernfm roztokem plnena 
uzavrena nSdoba, z nfz je na povrch nabite elektrody pfivaden polymernf roztok 
nebo valec tvoffcf nabitou elektrodu je v takov6 uzavfene nadobe ulozen, pficemz 
polymernfm roztokem je smacena napffklad hornf cast obvodu valce, ktery 
z nidoby vyn£sf na sv6m obvode potrebne mnozstvf polymemfho roztoku. 

V pflkladu provedenf znSzornenem na obr. 1 je protielektroda 40 vytvofena 
z perforovan6ho vodiveho materialu, napffklad plechu, vytvarovaneho do v£lcov6 
plochy, ktera tvoff vstupnf cast podtlakove komory 5, ktera je pfipojena ke zdroji 6 
podtlaku. Cast povrchu protielektrody 40 pfivracen£ k nabite elektrode 40 slouzf 
jako vedenf 41 plo§n6ho nosneho materialu 72 nanovlaken propustn6ho pro 
vzduch, ktery je tvofen napffklad podkladovou textilif a je ulozen na odvfjecfm 
zaffzenf 81 uspofadanem na jedne strane podtlakov6 komory 5 a na navfjecfm 
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zaflzenl 82, ktere je uspofadano na druhe strane podtlakove komory 5. V tomto 
znazornenem provedenl tvofl plosn^ nosny material 72 nanovlaken sam o sobe 
prostfedek 7 pro ukladanl nanovlaken propustntf pro vzduch. 

Zasobnlk 1 polymerniho roztoku 2 je otevfeny a je opatfen alespon jednlm 
5 pflvodem 11 polymerniho roztoku 2 a alespon jednlm vyvodem 12 polymerniho 
roztoku 2. Zmfneny pflvod 11 a vyvod 12 polymerniho roztoku 2 slouzl 
k zajisfovanl cirkulace polymerniho roztoku 2 a k udrzovanl konstantnl vysky jeho 
hladiny v zasobnlku 1. 

Prostoru mezi nabitou elektrodou 30 a protielektrodou 40 je pfifazen pflvod 
0 90 pomocneho susiclho vzduchu 9, ktery muze byt podle potreby znamym 
zpCisobem ohflvan, naprlklad ohrlvaclm zarlzenlm 91 uspofadanym v prlvodu 90 
pomocneho susiclho vzduchu 9. Pomocny susicl vzduch 9 je z prostoru mezi 
nabitou elektrodou 30 a protielektrodou 40 bud' zcela nebo zcasti odsavan do 
podtlakov§ komory 5 nebo z neho vystupuje na druhe strane nez je pfivaden. 

5 Otacenlm nabite elektrody 30, cast jejlhoz obvodu zasahuje do 

polymerniho roztoku 2, je polymeml roztok 2 vynasen obvodem nabite elektrody 
30 ze zasobnlku 1 do prostoru mezi nabitou elektrodou 30 a protielektrodou 40, 
v nemz je vytvofeno elektricke pole. Zde se na povrchu nabite elektrody 30 
vytvarejl z polymerniho roztoku 2 Taylorovy kuzele, ktere majl vysokou stabilitu a 
20 jsou misty primarnl tvorby nanovlaken 20. Vytvofena nanovlakna 20 jsou Ocinky 
elektrickeho pole una§ena k protielektrode 40 a vdusledku toho se ukladajl na 
povrchu podkladove textilie tvoflcl plosn^ nosn^ material 72 nanovlaken do vrstvy, 
jejlz tlousfka se reguluje pomocl rychlosti odvljeclho zaflzenl 81 a navljeclho 
zaflzenl 82. 

25 Una§enl nanovlaken 20 od nabite elektrody 30 k protielektrode 40 je 

podporovano proudenlm vzduchu nasavaneho z vnejslho prostoru do podtlakove 
komory 5 a prochazejlclho kolem zasobnlku 1 polymerniho roztoku 2_a nabite 
elektrody 30 a prostupujlclho podkladovou textilil tvorlcl plosny nosny material 72 
nanovlaken a protielektrodou 40. 

30 U provedenl podle obr. 4 je protielektroda 40 vytvofena jin^m vhodnym 

zpCisobem, naprlklad tydemi 400 rovnobeznymi s otocn^m valcem 3 tvoflclm 
nabitou elektrodu 30. " Mezi tycemi 400 tvoflclmi protielektrodu 40 jsou 
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uspofadany pomocne tyce 410 tvofici vedeni 41 pro plosny nosny material 72 
nanovlaken, ktery tvofi prostfedek 7 pro ukladani nanovlaken. Pfitom mohou byt 
nektere nebo vsechny pomocne tyce 410 otocne pro snizeni odporu pfi vedeni 
nosneho materialu 72 nanovlaken. Vedenf pro plosny nosny material 72 
i nanovlaken muze byt u tohoto provedeni tvofeno take ty6emi 400 tvoficimi 
protielektrodu 40. V popsanem zaflzenl se nanovlakna 20 vytvafeji ve velkem 
mnozstvl, takze limitujlclm faktorem vykonu zvlaknovacfho zaflzenl je rychlost 
odpafovanl rozpoustedla polymeru zvytvofenych nanovlaken 20 a rychlost 
odvadenl odpafeneho rozpoustedla, ktere by jinak v kratkem casovem intervalu 
D vytvofilo vprostoru mezi nabitou elektrodou 30 a protielektrodou 40 stav 
nasycene pary, nedovolujicl dais! odpafovanl rozpoustedla. Proto je zaflzenl 
opatfeno pflvodem 90 pomocneho susfclho vzduchu 9, ktery zajisfuje odvad§nl 
par rozpoustedla zejmena z prostoru mezi nabitou elektrodou 30 a protielektrodou 
40. Pro zvysenl Cicinku mCize byttento pomocny susici vzduch9 ohflvan. 
5 Dalsi pfikladne provedeni zaflzenl podle vynalezu je znazorneno na obr. 2, 

u nehoz je stejne jako u provedeni podle obr. 1 nabita elektroda 30 otocna a casti 
sveho obvodu je ulozena v polymernlm roztoku 2, ktery je v zasobniku 1 a jehoz 
cirkulace a vyse hladiny v zasobniku ± je udrzovana proudenim polymerniho 
roztoku 2 pfivodem H a vyvodem 12. Proti volne casti obvodu otodne nabite 
0 elektrody 30 je uspofadana protielektroda 40 tvofena soustavou dratCi nebo ty6l 
pnpojenych kzemi (uzemnenych) nebo znamym neznazornenym zpusobem 
pfipojenych ke zdroji stejnosmerneho napeti opa5ne polarity nez nabita elektroda 
30. Mimo prostor mezi elektrodami 30, 40, v nemz je vytvofeno elektricke pole a 
vnemz elektrostatickym zvlaknovanim vznikaji nanovlakna 20 z polymerniho 
25 roztoku 2, je umisten pro vzduch prostupny dopravnik 7± nanovlaken, ktery 
vytvafi prostfedek 7 pro ukladani nanovlaken, za nimz je uspofadana podtlakova 
komora 5, pfipojena ke zdroji 6_podtlaku. 

Nanovlakna 20 smefujici v dusledku pusobeni elektrickeho pole od nabite 
elektrody 30 k protielektrode 40 jsou pusobenim proudu vzduchu nasavaneho do 
30 podtlakove komory 5 vychylovana a unasena na pro vzduch prostupny 
dopravnik 71. na ne" 12 se ukladaji do vrstvy, ktera je pohybem dopravnlku 7± 
unasena mimo zafizeni a nasledne vhodnym neznazornenym zpusobem 
zpracovavana, upravovana nebo ukladana. S cilem zvyseni mnozstvl vzduchu 
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v prostoru mezi elektrodami 30, 40 je zaffzenf opatfeno pffvodem 91 pomocneho 
susiciho vzduchu 9, ktertf vstupuje do skffne zaffzenf ve smeru k dopravnfku 71 
prostupnemu pro vzduch, cimz dale podporuje vychylovanf nanovlaken 20 ze 
smeru k protielektrode 40 do smeru k dopravnfku 7JL prostupnemu pro vzduch. 

Take u tohoto provedenf jsou mozne ruzne modifikace v provedenf a tvaru 
protielektrod. Take je mozne vlozit pfed dopravnfk 71 prostupn^ pro vzduch 
podkladovoutextiliinebojin^ plosn^ hosny material 72 a vrstvu nanovlaken 20 
ukladat na tento plosny nosny material 72. 

Na obr. 3 je znazorneno provedenf zaffzenf obsahujfcf oto6nou nabitou 
elektrodu 30 ponofenou dolnf casti sveho obvodu do polymernfho roztoku 2. proti 
volne casti obvodu nabite elektrody 30 je situovana protielektroda 40 tvofena 
soustavou tycf rovnobeznych s osou otaceni nabite elektrody 30 a prostorem 
mezi elektrodami 30, 40 je veden plosny nosn^ material 72 nanovlaken pomocf 
vedenf 41 tvoreneho napfnacfmi cleny 42. 

Nabita elektroda 30 je tvofena telesem schopnym rotace, naprfklad valcem, 
ctyfbokym nebo vfcebok^m hranolem apod., pfi6emz je vyhodne, je-li osou rotace 
osa soumernosti pouziteho telesa. Valec 3 je na obvodu opatfen vystupky 31 
a/nebo drazkami 32. Pffklady vhodn^ch tvaru povrchu valce vhodneho pro 
nabitou elektrodu jsou znazorneny na obr. 5 a az e, pficemz tyto tvary nevymezujf 
20 v§echna mozna provedenf, ale slouzf pouze jako prfklad. Dosud popsana 
provedenf majf vytvofeno mezi elektrodami trvale elektricke pole. Zafizenf je vsak 
mozne opatrit prostfedky pro vytvafenf prerusovaneho elektrickeho pole pokud to 
bude pro vytvafenf nebo ukladanf vrstvy nanovlaken 20 potfebne. 

Konkretnf pffklady provedenf jsou popsany nfze. 
25 Pnklad 1 

Zasobnfk 1 polymernfho roztoku 2 zaffzenf podle obr. 1 je plnen 
dvanactiprocentnfm vodn^m roztokem polyvinylalkoholu se stupnem hydrolyzy 88 
procent o molekulove hmotnosti Mw=85000 obsahujfcfm 5 molamfch procent 
kyseliny citronove jako sftovadla vztazeno na strukturnf jednotky polymeru. 
30 Viskozita roztoku je 230 mPa.s pfi 20°C, jeho merna elektricka vodivost 31 mS/cm 
a povrchove nap§tf 38 mN/m. Polymernf roztok 2 pfiteka do zasobnfku 1 
pffvodem H a odteka vyvodem 12, pficemz vyska hladiny polymernfho roztoku 2 
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v zasobnlku 1 je udrzovana polohou \tfvodu 12. Nabita elektroda 30 je tvofena 
valcem 3 o prumeru 30 mm v provedenl podle obr. 5c a otaci se ve smeru 
hodinovych rucicek rychlostf 2,5 otacky za minutu. Valec 3 je pfipojen ke zdroji 
stejnosmemeho napetl +40 kV. Zafizeni je vytvofeno podle obr. 1 a je j!m vedena 
5 podkladova textilie tvoflcl plo§ny nosny material 72 nanovlaken. Vlivem podtlaku 
vpodtlakove komofe 6 za protielektrodou 40 propustnou pro vzduch pfileha 
plosny material k protielektrode 40, ktera tak tvofl jeho vedenl. Povrchem 
rotujlclho valce 3 je vynasen polymeml roztok 2 ze zasobnlku I a vlivem 
elektrickeho pole mezi elektrodami 30, 40 vytvafi Taylorovy kuzely a nanovlakna 
3 2 o prCimerech 50 az 200 nanometrd. Nanovlakna 20 jsou una§ena 
k protielektrode 40 a jsou ukladana na problhajlcl podkladovou textilii, kde 
vytvarejl vrstvu, jejiz tloustka se reguluje rychlostl pohybu podkladove textilie. Do 
prostoru mezi elektrodami se pfivadi pomocny su§icl vzduch 9 o teplote 50 °C. 
Vrstva z nanovlaken je vytvafena v mnozstvl 1 ,5 g/min pfi delce rotujiclho valce 3 
5 jeden metr. 

Priklad 2 

Zasobnfk 1 polymernlho roztoku 2 zafizeni podle obr. 2 je plnen 
desetiprocentnlm vodn^-m roztokem polyvinylalkoholu se stupnem hydroiyzy 98 
20 procent o molekulove hmotnosti Mw=1 20000 obsahujlclm 5 molarnich procent 
kyseliny citronove jako sifovadla vztazeno na strukturni jednotky polymeru. 
Viskozita roztoku je 260 mPa.s pfi 20 °C, jeho merna elektricka vodivost byla 
upravena pfidavkem maleho mnozstvl vodneho roztoku NaCI na 25 mS/cm a 
povrchove napeti upraveno pfidavkem 0,25 procent neionogenni povrchove 
25 aktivnl latky na 36 mN/m. Polymeml roztok 2 pfiteka do zasobniku I pflvodem H 
a odteka vyvodem 12, jehoz poloha urcuje v^sku hladiny polymernlho roztoku 2 
v zasobnlku 1 . Valec 3 tvoflcl nabitou elektrodu ma prQm§r 50 mm a ma hladky 
povrch, znazorneny na obr. 5a. Valec 3 je pfipojen ke zdroji stejnosmemeho 
napeti +40 kV dratova protielektroda 40 ke zdroji stejnosmemeho napetl -5 kV. 
30 V prostoru mezi nabitou elektrodou 30 a protielektrodou 40 jsou vytvafena 
nanovlakna 20 o prumeru 50 az 200 nanometru, ktera jsou vzduchem nasavanym 
z prostoru mezi elektrodami 30, 40 do podtlakov6 komory.5 a pomocnym susicim 
vzduchem 9 unasena k povrchu dopravnlku 71 prostupneho pro vzduch, kde se 
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ukladajf do vlakenne vrstvy v mnozstvi 1 ,8 g/min pfi delce rotujfdho valce jeden 
metr. 

Prumyslova vyuzitelnost 

ZpCisob a zaffzenl podle vynalezu jsou vyuzitelne pro pflpravu vrstev 
z nanovlaken o prOmerech 50 az 200 nanometrCi. Tyto vrstvy Ize vyuzft k flltraci, 
jako bateriove separatory, ktvorbe specialnlch kompozitu, pro konstrukci cidel 
s mimofadne nlzkou casovou konstantou, k v^robe ochrann^ch odevCi, v medicine 
a dalsfch oblastech. 
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Patentov6 naroky 

1. ZpCisob v^roby nanovlaken z polymernlho roztoku elektrostatick^m 
zvlaknovanim velektrickem poli vytvofenem rozdilem potencialu mezi nabitou 
5 elektrodou a protielektrodou, vyznacujici se tim, ze polymerni roztok (2) se do 
elektrickeho pole pro zvteknovani priv^df povrchem otacejlcf se nabite elektrody 
(30), pficemz se na casti obvodu nabite elektrody (30), ktera je pfivrScena 
^ k protielektrode (40), vytvoff zvlaknovacf plocha (31), cfmz se dosahne vysokeho 
^ zvlaknovacfho vykonu. 

10 2. ZpCisob podle naroku 1, vyznacujici se tim, ze nanovl&kna (8) 

vytvafend pCisobenfm elektrickeho pole zvodiveho polymernlho roztoku (2) na 
zvlaknovacf plose (31) nabite elektrody (30) se elektricto/m polem unasejf 
k protielektrode (40) a pfed ni se ukladaji na prostfedek (7) pro ukladanf 
nanovlaken a vytvafejf na nem vrstvu. 

5 3. ZpCisob podle naroku 1 nebo 2, vyznacujici se tim, ze na nanovlakna 

(8) se vprostoru mezi nabitou elektrodou (30) a protielektrodou (40) pCisobf 
proudem vzduchu, cfmz se podporuje unasenf nanovlaken (8) od nabite elektrody 

• (30). 
4. ZpCisob podle naroku 3, vyznacujici se tim, ze nanovlakna (8) se 
20 proudem vzduchu un&sejf smerem k protielektrode (40), pfed nfz se ukladaji na 
prostfedku (7) pro ukladanl nanovlaken propustn6m pro vzduch a vytvafejl na 
n§m vrstvu. 

5. ZpCisob podle ndroku 4, vyznacujici se tim, ze proud vzduchu se vytvaff 
odsavanfm vzduchu zprostoru mezi elektrodami (30, 40) do prostoru za 

25 protielektrodou (40). 

6. ZpCisob podle naroku 3, vyznacujici se tim, ze nanovlakna se proudem 
vzduchu vychylujf ze smeru k protielektrod§ (40) a pfivadeji se k prostfedku (7) 
pro ukladanl nanovlaken propustn6mu pro vzduch, na jehoz povrch se ukladaji do 
vrstvy v prostoru mimo elektricke pole mezi elektrodami (30, 40), v n£mz byla 

30 vytvofena. 



11 o t ^ ~. 



PS33S6CZ . 



13 



7. ZpCisob podle naroku 6, vyznacujici se tim, ze proud vzduchu se vytvafi 
odsavanfm vzduchu zprostoru mezi elektrodami (30, 40) do prostoru za pro 
vzduch propustnym prostfedkem (7) pro ukladani nanovlaken. 

8. Zpusob podle libovolneho z naroku 4, 5, 6 nebo 7, vyznacujici se tim, 
ze do prostoru, jimz se unaseji nanovlakna, se pfivadi pomocny susici vzduch (9). 

9. Zpusob podle naroku 8, vyznacujici se tim, ie alespofi cast pomocneho 
susiciho vzduchu (9) se odvadi zprostoru pfed prostfedkem (7) pro ukladani 
nanovlaken propustnym pro vzduch aniz timto prostfedkem (7) pronika. 

10. Zpusob podle libovolneho z naroku 3 az 9, vyznacujici se tim, ze 
10 alespon pomocny susici vzduch (9) se pfed vstupem do prostoru, jimz jsou 

unasena nanovlakna (8), ohfiva.. 

11. Zarizeni k provadeni zpusobu podle narokO 1 az 10, obsahujicl nabitou 
elektrodu a protielektrodu s rozdiln^m potencialem mezi nimiz se vytvaH 
elektrick6 pole, vyznacujici se tim, ze nabita elektroda (30) je ulozena otocne a 

15 cast! sveho obvodu zasahuje do polymernlho roztoku (2), pficemz proti volne 
casti obvodu nabite elektrody (30) je umistena protielektroda (40). 

12. Zarizeni podle naroku 11, vyznacujici se tim, ze protielektroda (40) 
obklopuje 6ast volne casti obvodu nabite elektrody (30) po cele jeji delce. 

13. Zarizeni podle naroku 11 nebo 12 vyznacujici se tim, ze, mezi obema 
20 elektrodami (30, 40) je situovan prostfedek (7) pro ukladani nanovlaken. 

14. Zarizeni podle naroku 13, vyznacujici se tim, ze prostfedek (7) pro 
ukladani nanovlaken je propustn^ pro vzduch, pficemi prostor za timto 
prostfedkem (7) je spojen se zdrojem (6) podtlaku slouzicim k vytvafeni proudu 
vzduchu smefujfciho z prostoru mezi elektrodami (30, 40) k tomuto prostfedku (7). 

25 15. Zafizeni podle naroku 14, vyznacujici se tim, ze se zdrojem (6) 

podtlaku je spojen prostor za protielektrodou (40), ktera je propustna pro vzduch. 

16. Zafizeni podle naroku 11, vyznacujici se tim, ze mimo prostor mezi 
elektrodami (30, 40) je umisten prostfedek (7) pro ukladani nanovlaken propustntf 
pro vzduch, pficemz prostor za timto prostfedkem (7) je spojen se zdrojem (6) 
30 podtlaku slouziciho pro vytvafeni proudu vzduchu smefujiciho k tomuto 
prostfedku (7). 
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17. Zaffzenf podle libovolneho z narokti 12 az 16, vyznacujici se tim, ze 
prostfedek (7) pro ukladani nanovlaken je tvofen dopravnfkem (71) propustntfm 
pro vzduch. 

18. Zaffzenf podle libovolneho z n£roku 12 az 16, vyznacujici se tim, ze 
prostredek (7) pro ukladani nanovlaken je tvofen plosnym nosn^m materialem 
(72) nanovlaken. 

19. Zarfzenf podle naroku 18, vyznacujici se tim, ze plosny nosn£ 
material (72) je ulozen na vedenf (41). 

20. Zarfzenf podle naroku 12 a 19, vyznacujici se tim, ze vedenf (41) je 
tvofeno protielektrodou (40). 

21. Zarfzenf podle naroku 19, vyznacujici se tim, ze vedenf (41) je 
tvoreno napfnacfmi cleny (42) plosneho nosneho materialu (72) nanovlaken. 

22. Zarfzenf podle libovolneho z narokCi 14 az 21, vyznacujici se tim, ze 
do prostoru mezi elektrodami (30, 40) je vyusten pffvod (90) pomocneho susicfho 
vzduchu (9) je doplnen pomocnym proudem susicfho vzduchu. 

23. Zarfzenf podle naroku 22, vyznacujici se tim, ze v pffvod u (90) 
pomocneho susicfho vzduchu (9) je umfst§no ohfivacf zarfzenf (91) vzduchu. 

24. Zarfzenf podle n&roku 22 nebo 23, vyznacujici se tim, ze alespon cast 
vzduchu je z prostoru pfed prostfedkem (7) pro ukladani nanovlaken odvadena 
aniz tfmto prostfedkem (7) pronika. 

25. Zaffzenf podle libovolneho z naroku 1 1 az 24, vyznacujici se tim, ze 
nabita elektroda (30) je tvofena telesem soumerntfm podle osy soumernosti, kter£ 
je zaroven osou jeho rotace. 

26. Zaffzenf podle naroku 25, vyznacujici se tim, ze nabita elektroda (30) 
je tvofena v£lcem (3). 

27. Zaffzenf podle naroku 26, vyznacujici se tim, ze v£lec (3) je na 
obvodu opatfen v^stupky (31) a/nebo drazkami (32). 

28. Zaffzenf podle libovolneho znarokD 11 az 27, vyznacujici se tim, ze 
polymernf roztok (2) je tvofen vodnym roztokem. 
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Anotace PV 

Nazev vynalezu: Zpusob vvrobv nanovlaken z polv mernlho roztoku 
elektrostatickvm zvlaknovanim a zafizeni k provadenl zpusobu 

Vynalez se t^ka zpCisobu v^roby nanovlaken z polymermho roztoku 
elektrostatickym zvlaknovanim v elektrickem poli vytvofenem rozdilem potencialCi 
mezi nabitou elektrodou a protielektrodou. Polymernf roztok (2) se do elektrickeho 
pole pro zvlakfiovanl pfivadf povrchem otacejlci se nablte elektrody (30), phcemz 
se na casti obvodu nabite elektrody (30), ktera je pfivracena k protlelektrode (40), 
vytvorf zvlaknovacl plocha, clmz se dosahne vysokeho zvlakftovacfho v^konu. 
Dale se vynalez tyka zarlzenl k provadenl tohoto zpusobu, u nehoz je nabita 
elektroda (30) ulozena otocne a (dolni) cast! sveho obvodu zasahuje do 
polymernlho roztoku (2), pficemz proti volne casti obvodu nabite elektrody (30) je 
umistena protielektroda (40). 
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A method of nanofibres production from a polymer solution using 
electrostatic spinning and a device for carrying out the method 



5 Technical field 

The invention relates to a method of nanofibres production from a 
polymer solution using electrostatic spinning in an electric field created by a 
potential difference between a charged electrode and a counter electrode. 

Further the invention relates to a device for carrying out the method 
10 consisting of a charged electrode and a counter electrode of a different 
potential, where in between them an electric field is created. 



Background art 

Polymer fibres with diameters between 10 nm to 1 .000 nm represent a 
15 new grade of materials with some properties of extreme values. Such a 
typical field of use of polymer fibres layers is a filtration of gases and liquids, 
barrier materials for entrapment of submicron particles, bacteria and 
chemicals, where there is a very high filtering efficiency reached. Nanofibres 
are used as battery separators, composite reinforcement and as 

20 pharmaceutical carriers and tissue implants carriers in medicine. A high 
specific surface of nanofibres easily accessible to gaseous and liquid media 
predetermines for their special sorptive properties and for their use as 
carriers of different active ingredients, e.g. catalysators. Extremely small 
pores in layers of nanofibres are a condition for extreme thermal insulating 

25 properties. 

Nanofibres are made of a broad range of polymers, polymer blends 
and from blends of polymers with low molecular additives by processes of 
polymer solutions forming. Unlike in on principle similar processes of polymer 
melts forming is in solutions processing reached smaller diameters of fibres 
30 due to lower solutions viscosities. For solutions forming is used mechanical 
forces of flowing gaseous medium or coulombic forces in electrostatic field. 
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Electrostatic spinning leads to fibres of lower diameters because single 
forming fibres are owing to distribution of equivalent charge in their volume 
split in a number of filaments. 

Up to the day known methods and devices for production of nanofibres 
5 by polymer solutions forming by an air stream are described for example in 
US 6.382.526 and US 6.520.425. Polymer solutions are injected into a 
spinning jet of an annular section. The solutions are then formed by a 
mechanical action of an air stream delivered inside of the annulus, or as the 
case may be outside of this annulus, to produce fibres of diameters of 
10 200 nm to 3.000 nm. 

Forming of polymer solutions using electrostatic field of mean intensity 
50.000 V/m to 500.000 V/m is described in patent applications 
WO 0.127.365, WO 0.250.346, US 2002/0.175.449 A1 and 
US 2002/084.1 78 A1. According to these solutions is the polymer solution 
15 distributed into cylindrical spinning jets with inside diameter 0,5 mm to 
1,5 mm. These jets are connected to a source of DC voltage. The effluent 
solvent is by the electrostatic force attracted to the counter electrode, which 
is usually grounded and at the same time it is by this force formed into fine 
filaments, which are consequently split in a filament bundle of corresponding 
20 smaller diameter. Spinning is performed from one jet or an array of static or 
moving jets with aim to increase the capacity of the device, even coverage of 
counter electrode or plane supporting material moving on a surface of 
counter electrode or in the vicinity of its surface. 

The drawback of all above mentioned methods and devices for 
25 nanofibres production is a very small amount of processed polymer material 
in time. In the case of nanofibres forming by mechanical forces the diameter 
of produced nanofibres depends among others on a ratio of air mass and 
polymer solution flowing through the spinning jet. While forming by coulombic 
force in electrostatic field, there must be formed so called Taylor cone at the 
30 throat of the spinning jet, whose existence is a requirement for fibres 
formation and it is conditioned by a relatively narrow range of ratio of 
discharge velocity of the polymer solvent from the spinning jet to the intensity 



of electrostatic field. The maximum adjustable intensity of electrostatic field is 
limited by dielectric strength of air and above this limit discharges between 
electrodes happen. In consequence of above mentioned circumstances and 
attainable concentrations of spinning polymer solutions it is possible to 
process approximately 0,1 g to 1 g of polymer in an hour in one spinning jet, 
which from the industrial point of view makes the production of nanofibres 
very problematic. 

The aim of the invention is to create a method and a device industrially 
applicable and able to reach a high spinning capacity. 
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Principle of the invention 

The aim of the invention has been reached by a method of nanofibres 
production according to the invention, whose principle consists in that the 
polymer solution is for spinning delivered into the electrostatic field by a 
15 surface of a rotating charged electrode, while on a part of the circumference 
of the charged electrode near to a counter electrode is a spinning surface 
created. The polymer solution is in favourable conditions able to create in 
electric field Taylor cones not only while discharge from a spinning jet but 
also on the surface of its level, in particular advantageously in a thin layer on 
20 a surface of a rotating body partly immersed in a container with this solution. 
By the mentioned favourable conditions is meant appropriate viscosity of the 
solution given by the molecular weight of the polymer, his concentration and 
temperature, appropriate surface tension given by the type of polymer and a 
presence of surface active ingredient and appropriate value of electric 
25 conductivity of the solution available by the presence of low molecular 
electrolyte. The dimension of the spinning surface is adequate to the 
dimensions and the shape of the charged electrode and the counter 
electrode. The number of forming nanofibres is adequate to the dimensions 
and the shape of the spinning surface. 
30 According to Claim 2 it is advantageous that the nanofibres produced 

from the polymer solution on the spinning surface of the charged electrode by 
the action of electrostatic field are by the electric field drift to the counter 
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electrode and they are laid down before it onto a means for nanofibres 
storage and form a layer on it. This method enables to produce layers of 
nanofibres with a high quality and uniformity of the layer, basically in arbitrary 
widths corresponding to the width of the device. 
5 The next improvement is reached according to Claim 3. The action of 

air stream together with electric field promotes drift of the fibres out of the 
charged electrode. 

However, it is advantageous if the nanofibres are drift away towards 
counter electrode and are stored on a means for nanofibres storage pervious 
1 0 to air in front of the counter electrode and form a layer on it. 

Air strem directing to the counter electrode is created by sucking the 
air according to Claim 5. Using this simple method the drift of fibre towards 
the counter electrode is promoted and the productivity is increased. 

According to Claim 6 the nanofibres are in the space between the 
1 5 charged electrode and the counter electrode by the air stream deflected from 
their course towards the counter electrode and they are led to the means for 
nanofibres storage pervious to air, which is situated outside of the electrical 
field causing spinning of the polymer solution. 

The air stream for deflecting the nanofibres from their course from the 
20 charged electrode towards the counter electrode is according to Claim 7 
advantageously produced by sucking of the air from the space between the 
electrodes into the space behind the means for nanofibres storage pervious 
to air. 

For increased productivity of the device it is advantageous if, 
25 according to Claim 8, into the space where the nanofibres are drift away is an 
auxiliary drying air supplied, by which the evaporation of the polymer solvent 
from nanofibres is accelerated, where the nanofibres are produced by 
electrostatic spinning and moving in the space between the electrodes. 

While to increase drying efficiency , that is acceleration of evaporation 
30 of the polymer solvent, it is advantageous, when at least a part of auxiliary 
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drying air is drawn out of the space in front of the supporting device pervious 
to air, without passing through this device. 

Also the method according to Claim 10 serves to increase the 
productivity of the device because heating up the delivered auxiliary drying 
air enables the possibility to draw away a bigger amount of solvent vapours 
created while drying the nanofibres. 

Device according to Claim 12 describes the basic characters of the 
device for carrying out above described methods and whole point is that the 
charged electrode is pivoted and by a part of its circumference it is immersed 
in the polymer solution, while against the free part of the circumference of the 
charged electrode, there is the counter electrode positioned. Such arranged 
device is able to deliver sufficient amount of the polymer solvent into the 
electric field. 

In the embodiment according to Claim 12 the counter electrode 
surrounds the free parts of the circumference of the charged electrode along 
its entire length, while in the entire space between the electrodes an electric 
field of the same intensity is created. 

Between both electrodes, there is the means for nanofibres storage 
situated, on which surface the nanofibres are laid down in layers. 

There is an advantageous embodiment of the device according to 
Claims 14 and 15, where the means for nanofibres storage is pervious to air 
and there is an air stream passing through this device produced. 

In alternative embodiment according to Claim 16 there is outside of the 
space between the electrodes positioned a means for nanofibres storage 
pervious to air and behind it there is a vacuum produced forming an air 
stream drifting the nanofibres away of the space between the electrodes 
towards the means for nanofibres storage through which passes at least a 
part of the air. In foregoing embodiments of the device it is advantageous to 
form a means for nanofibres storage according to any of Claims 17 to 21 . 
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For increased evaporation of the solvent from nanofibres, there is into 
the device an auxiliary drying air supplied according to any of Claims 22 to 
24. 

Advantageous embodiments of the charged electrode are described in 
5 Claims 25 to 27 and the aim is to reach the best possible spinning efficiency 
of the device, in which they are going to be used. 

Description of the drawing 

Examples of a device embodiment according to the invention are 
10 schematically shown in the enclosed drawings where Fig. 1 is a cross section 
of a device with a counter electrode surrounding a part of the circumference 
of a charged electrode, Fig. 2 is a cross section of an embodiment of the 
device with a means for nanofibres storage outside of the space between the 
electrodes, Fig. 3 is a cross section of the device, where the means for 
15 nanofibres storage is formed by a plane supporting material positioned 
between the electrodes in the conveyance composed of stretching elements, 
Fig. 4 is an embodiment similar as Fig. 1 with a fixed electrode composed of 
longitudinal rods and the conveyance of plane supporting material of 
nanofibres arranged between these rods, Fig. 5a to 5e is a view at various 
20 embodiments of the surface of a. cylinder presenting charged electrode from 
the front and from the side. 

Specific description 

A device for nanofibres production from a polymer solution using 
25 electrostatic spinning in an electric field created by a potential difference 
between a charged electrode and a counter electrode consisting of a 
container 1 at least partly filled with a polymer solution 2 in which is by a part 
of its circumference immersed pivoted cylinder 3, which is by a well-known 
not represented method connected to a source of DC voltage and which 
30 forms a charged electrode 30. Against a free part of the circumference of the 
charged electrode 30 is a counter electrode 40 with a different potential 



situated, which is usually connected to earth (grounded), as described in 
Fig. 1, or it is by a well-known not represented method connected to a source 
of DC voltage of a different polarity. 

In the not represented embodiments is the cylinder 3 immersed in the 
5 polymer solution 2 by the bottom part of its circumference. Such arrangement 
can be changed according to the not represented example, where with 
polymer solution is filled a closed container, from which is on surface of the 
charged electrode distributed the polymer solution or the cylinder presenting 
the charged electrode is in such closed container positioned, while the 
10 polymer solution is wetting for example the top part of the circumference of 
the cylinder, which draws on its circumference appropriate amount of the 
polymer solution from the container. 

In the example of embodiment shown in Fig. 1 is the counter electrode 
40 made of a perforated conducing material, e.g. sheet metal, shaped in a 

15 cylindrical surface, which forms the front end of a vacuum chamber 5, which 
is connected to a vacuum source 6. A part of the surface of the counter 
electrode 40 near the charged electrode 30 serves as a conveyance 41 for 
plane supporting material 72 of the nanofibres pervious to air, which is for 
example made of a backing fabric and which is positioned on an unreeling 

20 device 81 arranged on one side of the vacuum chamber 5 and on the reeling 
device 82, which is arranged on the other side of the vacuum chamber 5. In 
this represented embodiment the plane supporting material 72 of the 
nanofibres forms in itself a means 7 for nanofibres storage pervious to air. 

The polymer solution 2 container i is open and fitted with at least one 
25 polymer solution 2 inlet H and at least one polymer solution 2 outlet 12. The 
mentioned polymer solution inlet H and outlet 12 serves to provide 
circulation of the polymer solution 2 and to maintain the constant height of its 
level in the container 1. 

To the space between the charged electrode 30 and the counter 
30 electrode 40 is an auxiliary drying air 9 supply 90 assigned, which can be 
according to the well-known manner heated up as needed, for example using 
a heating device 91 arranged in the auxiliary drying air 9 supply 90. The 
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auxiliary drying air 9 is from the space between the charged electrode 30 and 
the counter electrode 40 either completely or partly sucked Into the vacuum 
chamber 5 or it comes out on the other side than it is supplied. 

By rotating the charged electrode 30, where its part of its 
circumference is immersed in the polymer solution 2, is the polymer solution 
2 drawn by the circumference of the charged electrode 30 from the container 
i into the space between the charged electrode 30 and the counter electrode 
40, where an electric field is formed. Here on the surface of the charged 
electrode 30 are from the polymer solution 2 formed Taylor cones of a high 
stability and they present places of primary formation of the nanofibres 20. 
The formed nonofibres 20 are by the effects of electric field drift away to the 
counter electrode 40 and consequently they are deposited on the surface of 
the backing fabric presenting plane supporting material 72 of the nanofibres 
into a layer, which thickness is controlled using the velocity of the unreeling 
device 8± and the reeling device 82. 

The drift of the nanofibres 20 away of the charged electrode 30 to the 
counter electrode 40 is promoted by streaming of air sucked from the outer 
space into the vacuum chamber 5 and passing along the polymer solution 2 
container 1 and the charged electrode 30 and passing through the backing 
fabric presenting plane supporting material 72 of the nanofibres and the 
counter electrode 40. 

In the embodiment shown in Fig. 4 is the counter electrode 40 
manufactured using another appropriate method, for example from rods 400 
parallel to the pivoted cylinder 3 presenting the charged electrode 30. 
Between the rods 400 forming the counter electrode 40 there are arranged 
auxiliary rods 410 forming conveyance 41 for plane supporting material 72 of 
the nanofibres that forms the means 7 for nanofibres storage. Nevertheless, 
some or all of the auxiliary rods 410 can be rotable to lower friction drag while 
conveying the supporting material 72 of the nanofibres. The conveyance for 
the supporting material 72 of the nanofibres can be in this embodiment 
composed also of rods 400 forming counter electrode 40. In the described 
device the nanofibres 20 are produced in a high number so the limiting factor 



of the spinning device capacity is the evaporation rate of the polymer solvent 
from produced nanofibres 20 and the rate of drawing off of the evaporated 
solvent, which would in a short period create a saturated vapour state not 
permitting another solvent evaporation in the space between the charged 
5 electrode 30 and the counter electrode 40. The device is therefore fitted with 
the auxiliary drying air 9 supply 90, which provides drawing off of the solvent 
vapours especially from the space between the charged electrode 30 and the 
counter electrode 40. To increase the effect this auxiliary drying air 9 can be 
heated up. 

10 The next example according to the invention is described in Fig. 2, 

where as well as in the embodiment according to the Fig. 1 the charged 
electrode 30 is pivoted and by a part of its circumference it is positioned in 
the polymer solution 2, which is in the container ± and its circulation and the 
level in the container 1 is maintained by flowing of the polymer solution 2 

15 through the inlet H and the outlet 12. Against the free part of the 
circumference of the pivoted charged electrode 30, there is the counter 
electrode 40 positioned composed of a system of wires or rods connected to 
earth (grounded) or by a well-known not represented manner connected to a 
source of DC voltage of opposite polarity than the charged electrode 30. 

20 Outside of the space between the electrodes (30, 40), where the electrostatic 
field is created and where by electrostatic spinning the nanofibres 20 from 
the polymer solution 2 are produced, there is positioned a conveyor 71 of 
nanofibres pervious to air, which form the device 7 for nanofibres storage 
behind which is arranged the vacuum chamber 5 connected to the vacuum 

25 source 6. 

The nanofibres 20 directing due to the action of electric field from the 
charged electrode 30 to the counter electrode 40 are by the action of air 
stream sucked into the vacuum chamber 5 deflected from their course and 
are drift onto the conveyor 71 pervious to air, onto which surface they are 
30 stored in a layer, which is by the motion of the conveyor 71 carried out of the 
device and consequently by an appropriate not represented manner 
processed, conditioned or stored. For the aim to increase the amount of air in 
the space between the electrodes 30, 40 is the device fitted with the inlet 91 



10 

of auxiliary drying air 9, which enters the device casing in the direction to the 
conveyor 71 pervious to air, which further promotes deflecting the nanofibres 
20 from the course to the counter electrode 40 to the direction to the 
conveyor 71 pervious to air. 

5 Also in this embodiment there is a possibility of various modifications 

in arrangement and shape of the counter electrodes. There is also possibility 
to insert in front of the conveyor 71 pervious to air a backing fabric or another 
plane supporting material 72 and the layer of the nanofibres 20 can be stored 
onto this plane supporting material 72. 

10 In the Fig. 3 is described an embodiment of the device consisting of 

pivoted charged electrode 30 immersed by bottom part of its circumference 
into the polymer solution 2. Against the free part of the circumference of the 
pivoted charged electrode 30, there is positioned the counter electrode 40 
composed of a system of rods parallel to the axis of rotation of the charged 

15 electrode 30 and through the space between the electrodes 30, 40 is 
conveyed the plane supporting material 72 of the nanofibres using 
conveyance 41 composed of stretching elements 42. 

The charged electrode 30 is composed of a body able to rotate, for 
example a cylinder, quadrangular or multiangular prism and the like, while it 

20 is advantageous if the axis of rotation is at the same time the axis of 
symmetry of the used body. The cylinder 3 is on the circumference fitted with 
lugs 31 and/or recesses 32. Examples of shapes of the cylinder surface 
appropriate for the charged electrode are described in the Fig. 5a to 5e, while 
these shapes do not limit all possible embodiments but serve only as an 

25 example. In up to now described embodiments, there is created a steady 
electric field between the electrodes. The device is possible to be fit with 
means for creating an intermittent electric field if it is necessary for creating 
or storage of the nanofibres 20 layer. 

Specific examples are described below. 

30 
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Example of embodiment 1 

The polymer solution 2 container 1 of the device according to the 
Fig. 1 is being filled with 12% aqueous polyvinyl alcohol solution with 88 % 
degree of hydrolysis of a molecular weight M w ■ 85.000, containing 5 mole 
5 per cent citric acid as a crosslinking agent referred to structural units of the 
polymer. The viscosity of the solution is 230 mPa.s at 20 °C, specific electric 
conductivity 31 mS/cm and surface tension 38 mN/m. The polymer solution 2 
flows into the container 1 through an inlet 11 and flows off through an outlet 
12 while the level height of the polymer solution 2 in the container ± is 

10 maintained using the position of the outlet 12. The charged electrode 30 
consists of a cylinder 3 of 30 mm in diameter in the embodiment according to 
the Fig. 5c and it is rotating clockwise in 2,5 RPM. The cylinder 3 is 
connected to +40 kV DC voltage source. The device is manufactured 
according the Fig. 1 and throughout it is led a backing fabric forming a plane 

1 5 supporting material 72 of the nanbfibres. Owing to the low pressure in the low 
pressure chamber 6 behind the counter electrode 40 pervious to air, the 
plane material abuts to the counter electrode 40, which forms this way the 
plane material conveyance. The surface of the rotating cylinder 3 draws the 
polymer solution 2 out of the container! and owing to the electric field 

20 between the electrodes 30, 40 it forms Taylor cones and the nanofibres 2 in 
diameters 50 to 200 nanometers. The nanofibres 20 are drift away to the 
counter electrode 40 and they are stored on the running backing fabric, 
where they form a layer of thickness that can be controlled by the movement 
speed of the backing fabric. Into the space between the electrodes is an 

25 auxiliary drying air 9 of the temperature of 50 °C supplied. The layer of 
nanofibres is produced in the amount of 1 ,5 g/min for one meter length of 
rotating cylinder 3. 

Example of embodiment 2 

30 The polymer solution 2 container ±. of the device according to the 

Fig. 2 is being filled with 10% aqueous polyvinyl alcohol solution with 98 % 
degree of hydrolysis of a molecular weight M w = 120.000, containing 5 mole 
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per cent citric acid as a crosslinking agent referred to structural units of the 
polymer. The viscosity of the solution is 260 mPa.s at 20 °C, its specific 
electric conductivity has been adjusted by an addition of a small amount of 
aqueous NaCI solution to 25 mS/cm and the surface tension has been 
5 adjusted by addition of 0,25% nonionogene surface active agent to 
36 mN/m. The polymer solution 2 flows into the container 1 through an inlet 
H and flows off through an outlet 12, where its position determines the level 
height of the polymer solution 2 in the container ±. The cylinder 3 presenting 
the charged electrode is 50 mm in diameter and has a smooth surface 

10 described in the Fig. 5a. The cylinder 3 is connected to +40 kV DC voltage 
source and the wire counter electrode 40 to negative 5 kV DC voltage 
source. In the space between the charged electrode 30 and the counter 
electrode 40 are produced nanofibres 20 in a diameter of 50 to 200 
nanometers, which are by the air sucked from the space between the 

15 electrodes 30, 40 into the vacuum chamber 5 and using the auxiliary drying 
air 9 drift to the surface of the conveyor 71 pervious to air, where they are 
stored in a fibre layer in the amount of 1,8g/min for one meter length of 
rotating cylinder. 

20 Industrial applicability 

A method and a device according to the invention are applicable for 
production of layers of nanofibres in diameters from 50 to 200 nanometers. 
These layers can be used for filtration; as battery separators, for production 
of special composites, for construction of sensors with extremely low time 
25 constant, for production of protective clothes, in medicine and other fields. 
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PATENT CLAIMS 



1 . A method of nanofibres production from a polymer solution using 
electrostatic spinning in an electric field created by a potential difference 
between a charged electrode and a counter electrode, characterized by that 
the polymer solution (2) is supplied into the electric field for spinning using 
the surface of the rotating charged electrode (30), while on a part of the 
circumference of the charged electrode (30) near to the counter 
electrode (40) is a spinning surface (31) created, by which is a high spinning 
capacity reached. 

2. A method as claimed in Claim 1 , characterized by that the 
nanofibres (8) produced by the action of electrostatic field from the 
conducting polymer solution (2) on a spinning surface (31) of the charged 
electrode (30) are by the electric field drift away to the counter electrode (40) 
and before it they are laid down onto a device (7) for nanofibres storage and 
form a layer on it. 

3. A method as claimed in Claim 1 or 2, characterized by that an air 
stream acts on nanofibres (8) in the space between the charged 
electrode (30) and the counter electrode (40), which promotes the 
nanofibres (8) to drift away of the charged electrode (30). 

4. A method as claimed in Claim 3, characterized by that the 
nanofibres (8) are by an air stream drift away towards the counter 
electrode (40) before which they lay down onto the device (7) for nanofibres 
storage and form a layer on it. 

5. A method as claimed in Claim 4, characterized by that the air 
stream is produced by sucking of the air from the space between the 
electrodes (30, 40) into the space behind the counter electrode (40). 

6. A method as claimed in Claim 3, characterized by that the 
nanofibres are by the air stream deflected from their course towards the 
counter electrode (40) and are led to the device (7) for nanofibres storage 
pervious to air, onto which surface they are stored in a layer in a space out of 
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reach of the electric field between the electrodes (30, 40) where they were 
produced. 

7. A method as claimed in Claim 6, characterized by that the air 
stream is produced by sucking of the air from the space between the 

5 electrodes (30, 40) into the space behind the device (7) for nanofibres 
storage pervious to air . 

8. A method as claimed in any of Claims 4, 5, 6 or 7, characterized by 
that into the space where the nanofibres are drift away is an auxiliary drying 
air (9) supplied. 

10 9. A method as claimed in Claim (8), characterized by that at least a 

part of the auxiliary drying air (9) is drawn off the space in front of the 
device (7) for nanofibres storage pervious to air, without passing through this 
device (7). 

10. A method as claimed in any of Claims 3 to 9, characterized by that 
15 at least an auxiliary drying air (9) is heated up before entering the 

space where the nanofibres (8) are drift away. 

11. A method for carrying out the method as claimed in Claims 1 to 10 
comprising the charged electrode and the counter electrode with a different 

20 potential between which an electric field is formed, characterized by that the 
charged electrode (30) is pivoted and by a part of its circumference it is 
immersed in the polymer solution (2), while against the free part of the 
circumference of the charged electrode (30), there is the counter electrode 
(40) positioned. 

25 12. A method as claimed in Claim 11, characterized by that the 

counter electrode (40) surrounds the free parts of the circumference of the 
charged electrode (30) along its entire length. 

13. A device as claimed in Claim 11 or 12, characterized by that 
between both electrodes (30, 40) is situated the device (7) for nanofibres 
30 storage. 
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14. A device as claimed in Claim 13, characterized by that the 
device (7) for nanofibres storage is pervious to air, while the space behind 
this device (7) is connected to the vacuum source (6) serving to create an air 
stream directing out of the space between the electrodes (30, 40) towards 

5 this device (7). 

15. A device as claimed in Claim 14, characterized by that the vacuum 
source (6) is connected with the space behind the counter electrode (40) 
pervious to air. 

16. A device as claimed in Claim 11, characterized by that outside of 
10 the space between the electrodes (30, 40) is positioned the device (7) for 

nanofibres storage pervious to air, while the space behind this device (7) is 
connected to the vacuum source (6) serving to create an air stream directing 
towards this device (7). 

17. A device as claimed in any of Claims 12 to 16, characterized by 
15 that the device (7) for nanofibres storage is composed of a conveyor (71) 

pervious to air. 

18. A device as claimed in any of Claims 12 to 16, characterized by 
that the device (7) for nanofibres storage is composed of a plane supporting 
material of the nanofibres (72). 

20 19. A device as claimed in Claim 18, characterized by that the plane 

supporting material (72) is positioned on a conveyance (41). 

20. A device as claimed in Claim 12 and 19, characterized by that the 
conveyance (41) is composed of a counter electrode (40). 

21. A device as claimed in Claim 19, characterized by that the 
25 conveyance (41) is composed of stretching elements (42) of plane 

supporting material (72) of the nanofibres. 

22. A device as claimed in any of Claims 14 to 21, characterized by 
that into the space between the electrodes (30, 40) leads an inlet (90) of 
auxiliary drying air (9). 
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23. A device as claimed in Claim 22, characterized by that in the 
inlet (90) of auxiliary drying air (9), there is positioned an air heating 
device (91). 

24. A device as claimed in Claim 23 or 24, characterized by that at 
least a part of air is drawn off the space in front of the device (7) for 
nanofibres storage without passing through this device (7). 

25. A device as claimed in any of Claims 1 1 to 24, characterized by 
that the charged electrode (30) is composed of an axially symmetric body, 
where the axis is at the same time an axis of rotation. 

26. A device as claimed in Claim 25, characterized by that the charged 
electrode (30) is composed of a roll (3). 

27. A device as claimed in Claim 26, characterized by that the roll (3) 
is on its circumference fitted with lugs (31) and/or recesses (32). 

28. A method as claimed in any of Claims 1 to 27, characterized by 
that the polymer solution (2) is composed of a water solution 



Abstract of the invention 
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Title of the invention: A method of nanofibres production from a polymer 
solution using electrostatic spinning and a device for carrying out the 
5 method 

The invention relates to a method of nanofibres production from a 
polymer solution using electrostatic spinning in an electric field created by a 
potential difference between a charged electrode and a counter electrode. 

10 The polymer solution (2) is for spinning supplied into the electric field using 
the surface of the rotating charged electrode (30), while on a part of the 
circumference of the charged electrode (30) near to the counter electrode 
(40) is a spinning surface created, by which is a high spinning capacity 
reached. Further the invention relates to a device for carrying out the method, 

15 where the charged electrode (30) is pivoted and by its (bottom) part of its 
circumference it is immersed in the polymer solution (2), while against the 
free part of the circumference of the charged electrode (30) is positioned the 
counter electrode (40). 
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List of reference marks 

I polymer solution container. 

I I polymer solution inlet 
12 polymer solution outlet 

5 2 polymer solution 

20 nanofiber 

3 roll 

31 lugs 

32 recess 

10 30 charged electrode 

40 counter electrode 
400 counter electrode rod 

41 conveyance 
410 auxiliary rods 

15 42 stretching elements 

5 vacuum chamber 

6 vacuum source 

7 means for nanofibres storage 
71 conveyor 

20 72 plane supporting material of the nanofibres 

81 unreeling device 

82 reeling device 

9 auxiliary drying air 

90 auxiliary drying air supply 
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